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We report a measurement of the ratios of branching fractions R(D(∗)) = B(B¯ →
D(∗)τ−ν¯τ )/B(B¯ → D(∗)`−ν¯`), where ` denotes an electron or a muon. The results are based
on a data sample containing 772 × 106 BB¯ events recorded at the Υ(4S) resonance with
the Belle detector at the KEKB e+e− collider. The tag-side B meson is reconstructed in a
semileptonic decay mode, and the signal-side τ is reconstructed in a purely leptonic decay.
The results are R(D) = 0.307± 0.037± 0.016 and R(D∗) = 0.283± 0.018± 0.014, where the
first uncertainties are statistical and the second are systematic. These results are in agreement
with the Standard Model predictions within 0.2 and 1.1 standard deviations, respectively.
1 Introduction
Semitauonic B meson decays of the type b→ cτντ 1 are sensitive probes for physics beyond the
Standard Model (SM). The ratio of branching fractions R(D(∗)) = B(B¯ → D(∗)τ−ν¯τ )/B(B¯ →
D(∗)`−ν¯`), where ` denotes an electron or a muon, is typically measured instead of the absolute
branching fraction of B¯ → D(∗)τ−ν¯τ to reduce common systematic uncertainties. Hereafter,
B¯ → D(∗)τ−ν¯τ and B¯ → D(∗)`−ν¯` will be referred to as the signal and normalization modes, re-
spectively. The SM calculations for these ratios, performed by several groups23,?,?, are averaged4
to obtain R(D) = 0.299± 0.003 and R(D∗) = 0.258± 0.005. The average values of the experi-
mental results are R(D) = 0.407±0.039±0.024 and R(D∗) = 0.306±0.013±0.007 4, where the
first uncertainty is statistical and the second is systematic. These values exceed SM predictions
by 2.1σ and 3.0σ, respectively. A combined analysis of R(D) and R(D∗) taking correlations
into account, finds that the deviation from the SM prediction is approximately 3.8σ 4.
In this paper, we report the first measurement of R(D) using the semileptonic tagging
method, and update our earlier measurement of R(D∗) 5 by combining results of B0 and B+
decays using a more efficient tag reconstruction algorithm. We use the full Υ(4S) data sample
containing 772× 106 BB¯ events recorded with the Belle detector 6 at the KEKB e+e− collider 7.
The Belle detector is described in detail elsewhere 6. To determine the reconstruction efficiency
and probability density functions (PDFs) for signal, normalization, and background modes, we
use Monte Carlo (MC) simulated events, generated with the EvtGen event generator 8, and
having the detector response simulated with the GEANT3 package 9.
2 Event Reconstruction And Selection
The Btag is reconstructed using a hierarchical algorithm based on “Fast” boosted decision trees
(BDT) 10 in the D`ν¯` and D
∗`ν¯` channels, where ` = e, µ. We select well-reconstructed Btag
candidates by requiring their classifier output to be larger than 10−1.5. We veto B → D∗τ(→
`νν)ν events on the tag side by applying a selection on cos θB,D(∗)`, defined as cos θB,D(∗)` ≡
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where Ebeam is the beam energy, and ED∗`, pD∗`, and mD∗` are the
energy, momentum, and mass, respectively, of the D∗` system. The quantity mB is the nominal
B meson mass 11, and pB is the B meson momentum. All quantities are evaluated in the
Υ(4S) rest frame. Correctly reconstructed B candidates in the normalization mode are expected
to have a value of cos θB,D(∗)` between −1 and +1. Similarly, correctly reconstructed and
misreconstructed B candidates in the signal mode tend to have cos θB,D(∗)` values more negative
than this range due to additional missing particles. We account for detector resolution effects
and apply the requirement −2.0 < cos θB,D(∗)` < 1.0 for the Btag.
In each event with a selected Btag candidate, we search for the signature D
(∗)` among
the remaining tracks and calorimeter clusters. We define four disjoint data samples, denoted
D+`−, D0`−, D∗+`−, and D∗0`−. On the signal side, neutral D mesons are reconstructed in
the following decay modes: D0 → K−pi+pi0, K−pi+pi+pi−, K−pi+, K0Spi+pi−, K0Spi0, K0SK+K−,
K−K+ and pi−pi+. Similarly, charged D mesons are reconstructed in the following modes:
D+ → K−pi+pi+, K0Spi+pi0, K0Spi+pi+pi−, K0Spi+, K−K+pi+ andK0SK+. The combined branching
fractions for reconstructed channels are 30% and 22% for D0 and D+, respectively. On the signal
side, we require cos θB,D(∗)` to be less than 1.0 and the D
(∗) momentum in the Υ(4S) rest frame
to be less than 2.0 GeV/c. Finally, we require that events contain no extra charged tracks,
K0S candidates, or pi
0 candidates, which are reconstructed with the same criteria as those used
for the D candidates. When multiple Btag or Bsig candidates are found in an event, we select
the Btag candidate with the highest tagging classifier output, and the Bsig candidate with the
highest p-value resulting from the D or D∗ vertex fit.
3 Signal Extraction
To distinguish signal and normalization events from background processes, we use the sum
of the energies of neutral clusters detected in the ECL that are not associated with recon-
structed particles, denoted as EECL. We require that EECL be less than 1.2 GeV. To separate
reconstructed signal and normalization events, we employ a BDT based on the XGBoost pack-
age 12. The input variables to the BDT are cos θB,D(∗)`; the approximate missing mass squared
m2miss = (Ebeam−ED(∗) −E`)2− (pD(∗) +p`)2; the visible energy Evis =
∑
iEi, where (Ei,pi) is
the four-momentum of particle i. We do not apply any selection on the BDT classifier output,
denoted as class; instead we use it as one of the fitting variables for the extraction of R(D(∗)).
We extract the yields of signal and normalization modes from a two-dimensional (2D) ex-
tended maximum-likelihood fit to the variables class and EECL. The fit is performed simulta-
neously to the four D(∗)` samples. The free parameters in the final fit are the yields of signal,
normalization, B → D∗∗`ν` and feed-down from D∗` to D` components. The yields of other
backgrounds are fixed to their MC expected values. The ratios R(D(∗)) are given by the for-
mula: R(D(∗)) = 12B(τ−→`−ν¯`ντ ) ·
εnorm
εsig
· NsigNnorm where εsig(norm) and Nsig(norm) are the detection
efficiency and yields of signal (normalization) modes and B(τ− → `−ν¯`ντ ) is the average of the
world averages for ` = e and ` = µ. To improve the accuracy of the MC simulation, we apply
a series of correction factors determined from control sample measurements. Furthermore, we
reweight events to account for differing yields of misreconstructed D(∗) and for the different
reconstruction efficiency of the tagging algorithm between data and MC simulations.
4 Systematic Uncertainties
The systematic uncertainties are summarized in Table 1, where the label “D∗∗ composition”
refers to the uncertainty introduced by the branching fractions of the B → D∗∗`ν` channels and
the decays of the D∗∗ mesons, which are not well known and hence contribute significantly to
the total PDF uncertainty due to B → D∗∗`ν` decays. A large systematic uncertainty arises
from the limited size of MC samples, which contributes to the uncertainty in the PDF shapes
and various efficiency factors used in the fit. The total systematic uncertainty is estimated by
summing all contributions in quadrature.
5 Results and Conclusion
Our results for the measurements of the ratios R(D(∗)) = B(B¯ → D(∗)τ−ν¯τ )/B(B¯ → D(∗)`−ν¯`),
where ` denotes an electron or a muon, based on a semileptonic tagging method using a data
sample containing 772× 106BB¯ events collected with the Belle detector, are
R(D) = 0.307± 0.037± 0.016 (1)
R(D∗) = 0.283± 0.018± 0.014, (2)
which are in agreement with the SM predictions within 0.2σ and 1.1σ, respectively. The com-
bined result agrees with the SM predictions within 1.2σ. The EECL projections of the fit are
shown in Figure 1. The 2D combination of the R(D) and R(D∗) results of this analysis are
shown in Figure 2. This work constitutes the most precise measurements of R(D) and R(D∗)
performed to date and the first result for R(D) based on a semileptonic tagging method.
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Figure 1 – EECL fit projections and data points with statistical uncertainties in the D
+`− (top left), D0`− (top
right), D∗+`− (bottom left) and D∗0`− (bottom right) samples, for the full classifier region. The signal region
defined by the selection class > 0.9 is shown in the inset.
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Luminosity and B(Υ(4S)) 0.10 0.04
B(B → D(∗)`ν) 0.05 0.02
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B(D∗) 0.04 0.02
B(τ− → `−ν¯`ντ ) 0.15 0.14
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